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THE MOST ADVANTAGEOUS SPEEDS FOR WATER TURBINES
OBJECT
This thesis has for its object the investigation of
the speed of standard American low-head water turbines with
a view to arriving at conclusions as regards the most advant-
ageous speed at which a given turbine should run,
J5IVISI0HS-
_
The thesis will be divided into four general divis-
ions: 1. A general discussion of the conditions which in-
fluence the proper speed for a turbine; 3. A description
of curves showing graphically the most advantageous speed
for a number of standard American turbines; 5. Comparisons
with catalog ratings of manufacturers; and 4. Conclusions.
_0rENEEAL_ riSCUSSION_
Nomenclature and definitions:
h = head of water in feet
R.P.M.= revolutions per minute
g = acceleration due to gravity
= 33.2feet per sec. per sec.
Etv = relative velocity
V = theoretical velocity
Peripheal speed is the velocity of the circumference
of the turbine, and i3 usually expressed in feet per second,
and may easily be determined when the diameter and revolu-

2tions per minute are known.
Theoretical speed is that speed which would be ob-
tained by water falling the net distance h, —it is expressed
algebraically by V = V2gh
Relative velocity is the ratio of the peripheal speed
Peripheatl Speed
to the theoretical speed and is expressed by H v = V2gh
Discussion : There are several conditions which govern the
most advantageous speed for a given turbine. Two of these
conditions are variations in head ox water supply and varia-
tions in the demand for power. If the head of water varies
from season to season then we have different theoretical
velocities developed, and if the turbine is kept at a constant
speed as is most likely to be desirable, then a different
ratio for the relative velocity will result, causing a change
in the efficiency of the turbine. Then if the turbine has
been designed to run at maximum efficiency for a given head,
when this head is changed the efficiency of the turbine is
reduced, and hence it is desirable to choose a relative vel-
ocity for the turbine which shall give the greatest effici-
ency under all conditions due to a change in head. Again,
if the demand for power fluctuates to any extent, it is de-
sirable to select a turbine which shall give a maximum effici-
ency under the most common conditions, o.nd at the same time
one which shall not fall much below maximum efficiency under
wide conditions of gate opening. Hence at a given plant
these two conditions, namely, variable head of water and
variable demand for power, largely determine the kma.df

turbine to be selected and the speed at which it is to be run.
DESCRIPTION _0? _CURVES
_
The suitability of certain turbines for the two pre-
ceding conditions, as determined by actual tests, is shown
by the accompanying curves. Each sheet pertains to a single
turbine and shows the efficiencies in percent of the differ-
ent gate openings for different values of relative velocity.
For each curve is given a table which is designed to aid in
the selection of the best relative velocity for each turbine.
The table gives in the columns under the various gate open-
ings, the percentage below the maximum for each particular
relative velocity given in the first column. Under the
column headed "total" is given the sums of the percentages
below the maximum for all the gate openings corresponding
to the given relative velocity opposite. Now it is seen
that if a given relative velocity is selected and if it is
assumed that each gate opening will operate over an equal
amount of time during the year then the column of totals
will indicate directly the relative velocity giving the
least deficiency below the maximum, and hence the most ad-
vantageous speed for the turbine. In using these tables,
however, it will be assumed that the full gate and the half-
gate will en oh operate over a period of two months, and the
three-quarters or seven-eights—gates will operate during
the remaining eight months, and the proper weights will be
given to the various quantities.

ASome high speed turbines are not designed to operate
under full gate as is plainly shown by the curves, and in
these cases the full gate opening has not been considered.
It is also true that the matter of efficiency is net so im-
portant when plenty of water is available.
The curves to be discussed have been arranged in two
classes that apply to high-speed and low-speed turbines.

56" R. H. Sain3on Turbine
Velocity
I n
Per Cent
Gate Opening in
Per Ce n+ of FwK G«te.. Tofa 1.
.56^ .<£. 3fe
,o .7 1
.5- 2..Z
gO.O .5 ,0 .2. .1
8 Z.
5
1.5
.1 .1 1 .1
8 5.o i.S I.O .8
The full gate opening will not "be considered.
It is evident from this table that this turbine is
best suited to a relative velocity of 80 How-
ever, there is an advantage gained for the half gate
with 77.5 ft fpr a relative velocity, and for the .8
gate with a relative velocity of 83.5 But since
these advantages are nearly equal, the one tending to
raise and the other tending to lower the value of
the relative velocity to be selected, it will be seen
that for all conditions 80 $ would be the best value.
This relative velocity for 16' head corres-
ponds to a perinheal speed of 35.6 feet per second,
or 105 R. P. M.

CAGO.
I
645" Right Hand Samson Turbine
Ve 1 ocit-y
f r%
Per Cpnt
c5»+<= Opening fn
Per Cent of Full Gate. Totcl.
• ST .6 S .8 3 1 . o o
8 O.O ,o .O 1.2. Z.O 3.Z-
.5"
.5 .5 I.Z. 2.T
8 5".o I .5- f.5 .1 .7 3.8
9 0.0 3-T .2 .O 8.+
The test data for this wheel is very complete,
and the curves indicate large variations in relative
velocity. The full gate curve may be considered in
this case since it is compared with tho other curves.
It appears that a relative velocity of 83.5 f> gives
the most advantageous speed for all conditions.
Prom the column of totals it is seen that the defici-
ency belor the maximum is 3.3 fc for R v = 80 and is
3.8 $ for R v = 85 fo. Hence 83.5 % is the value of
R v to be chosen for all possible conditions.
This relative velocity for 15' head corresponds
to a peripheal speed of 36.4 feet per second, or
134 P. ?. U.



744" L. K. Imp. New AM. Turbine
f?el a+ive
Vc lac i+y
Per7>nt.
Ga+s Opening In
Per Cent of Foil Got+C To+a 1
.
.5 81 .6 84
.0 ,X 3.1 3.3
1S.0 .1 .O £,o 2 .7
n.s- 1.5 .5 1 .2. 3.2.
&0.0 \.5 .5 4.T
The curves for this turbine indicate that the
full gate opening should not be considered in se-
lecting a value of P v for the other gates.
The table shows 75 $ as the value of Rv most
favorable to all conditions. The column of totals
shows that should 72.5 f> be chosen, the total loss
of efficiency from the other gate openings would be
3.3 % and should 77.5 $ be used, the total loss
would be 3.2 Since these two losses are very
nearly equal in value it is seen that no change
should be made in the selection of a relative veloc-
ity of 75 i» as best suited to the varying conditions.
This value of R v corresponds to a peripheal
speed of 24,0 feet per second, or 125 R. P. M.



857" LeH Hand M c CorrmcW TurUne.
Relative
Velocity
' n
Per Cetv*.
GaH Ope-ning in
Per Cent of Foil G«+e. To+dl.
.•4 6 J .650 mo LOO
« S.O .1 n \.S .8
T O.O .5- • Z .y .o 1 .z
1 3.0 2..
5
z.o o .0
This curve indicates that this turbine is well
adapted to full gate operation since the efficiency
is near a maximum over a large range of relative
velocity. Prom the first inspection of the curve,
70 % would be chosen for the best value of R v for all
conditions. However, it is seen that for R v = 65 f>,
the deficiency for the two lower gates below the maxi-
mum is 3.3 $ and for 75 $ the total is 4.5 Hence
if for part of the year the turbine should be run at
the low gates and part of the year at the higher gates
then a change should bo made in favor of the lower
gates. Giving the proper weights to the different
gate openings it is found that 693 f is the best value
of R v for the different conditions throughout the year.
This value of the relative velocity corres-
ponds to a peripheal speed of 23.5 feet per second or
89 R. P. K.



942 " Smith Turbine
This curve is interesting as an example of the
inaccuracy and inadequacy of a single-gate test as
a basis for the selection of the best relative vel-
ocity for a turbine. This curve was constructed
from data sent out by the Morgan Smith Co. as an
authoritative rating for their turbine.
The curve corresponds closely with the full gate
curves of other high-speed turbines, and without
doubt the lower gate openings would give a much lower
relative velocity for maximum efficiency. Judging
from the relative velocity selected for the other
high speed turbines, it would not be much in error
to give 80 f as the best relative velocity for this
turbine under all conditions.
This is seen to be 10 fo lower than the value in-
dicated by this one curve, and would reduce the speed
from 157 to 140 R. P. K.

EUGENE DltTZGEN CO., CHICAGO.
*f
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54" R. H. Special
The curves for this turbine indicate that it has
been designed for high-gate openings since for the
7/8 and full gate the range of relative velocity is
very wide, in which a high efficiency may be obtained.
The lower gates give sharper curves but may well be
used at a relative velocity favorable to the higher
gate openings.
Re l<j+ive <3oi+e Opening in
Per- Cent of Full G*-fre. To+d t.
.So • fei .8 7 I.OO
6 5.0 ,o n .O .o .7
6X5 .2. ,o .0 .0 .2.
1 o.o I.O .0 .2. ,z \A
1 Z..5 Z..5 I.O .7 ,1 4.9
From these figures there is but one velocity to
choose, namely, 67.5 This gives but .2 fo total
deficiency for all gates. Hence for all conditions
this velocity would give maximum efficiency.
This relative velocity corresponds to a peripheal
speed of 21.6 feet per second, or for a 54" turbine
equals 91.7 R. P. M.

ffela f/ve Ye/oci/i/ ts> /oer cent.
/TefaHw? hcfyea? t>peiedand fJtiuenct/ , -
ff. H. SPECIAL HEftCltL£3 TUffBlh£
|
..»///? head$ varyhg frqm /4p/o/6.2'
(jo)rif>uhd frolp AcSuaJ %s£s M#dtr af
Teshr?9 t/ume o/ HatyoteMhkr finer Co.
\
11
51 M L. H. McCormick
This turbine under variable conditions is not
well adapted to full gate operation since for this
gate the speed is far below a maximum for the other
gates of the turbine. However, the highest effici-
ency of the turbine is gained under full gate opera-
tion, and for steady conditions and plenty of water
it could most advantageously use the full gate open-
ing.
Re Id five
Velocity
per Cent
Gate Opening in
Per Cent of Fu IT Gate. Total.
.SO .61 I.OO
61.5 .© .Z n 1.5 2- A-
1 O.O .2. ,o •1 I.O A-
1Z.5 I.O .5 .0 ,T 2..o
15.0 2.Z. 1-7 .7 .o 4-.6
The losses in efficiency here indicate a relative
velocity of 70 $ as most suitable to all conditions.
If the lower gates were to receive lesser weights,
i.e., where plenty of water is usually available, then
the relative velocity would be increased to gain, the
efficiency of the higher gate openings.
This speed of 70 $ relative velocity at 16 feet
head corresponds to a relative velocity of 22,4 fo or
a speed of 100.1 R. P. M.



13
36" Right Hand Swain Turbine
Relative
V<r jocity
i n
Per Cent
Gate Openlnj in
per Cent of Full Goi+e. To+c 1.
.SO .8 1 1. oo
o.o .Z- .o
1 O.O o.o ,o .2.
1 2..S .3 .O .o I.o 1.3
This turbine is excellently adapted to varying
conditions in head and gate since the efficiency is
near a maximum over a wide range in relative velocity.
This table shows 70 $ to be the most advantageous
velocity to use under all conditions. However, it
is seen that the maximum for the average gates 3/4
and 7/8 comes when the relative velocity is 72.5 $
and that for half and full gate 67.5 is a better
speed. Since these are opposing conditions it is
plain that 70 $ should be sleeted for operation
under the varying conditions.
This corresponds to a relative velocity of
22.4 # or a speed of 142 R. P. M.
I
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33" Special Turbine
Relative
Velocity
in
P&r-C«nt
Gci +e. opening in
Pc r Cent of Full Gcntt. Total.
.AT
lO, 1 .0 .2. 3.6 S.o
75: Z-.o •7 2..0
do. S.O 3.0 .S
This turbine has a very unusual set of curves
making it very difficult if not impossible to select
any one speed which shall give the best results under
varying conditions. The curves are widely separated
giving widely different relative velocities for a
maximum under different gate openings, and moreover
each curve has a narrow range within which a maximum
efficiency may be approximated. Full gate is not
considered.
The table seems to show some preference to a rela
tive velocity of 75 and since the difference be-
tween the 70 $ and 80 # velocity is very small there
would be no practical advantage in favor of either.
The turbine was evidently not designed to in-
clude full gate opening. A relative velocity of
70 at 16 ft. head corresponds to a peripheal speed
of 33.4 feet per -.econd or 155 R. P. M.
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16 " Right Hand New American Turbine
Velocity
i «Per Cent-
Gca+c Opening iri
Per Cenf of Foil Gsfe • Totol
ns- * .81 1 .oo
:? .2. .S .1
1 l.o O o .2. .2.
15.0 .1 .7 .2. .5" -2. .1
This turbine has a comparatively wide range of
relative velocity for each gate opening over which
nearly a maximum efficiency may be obtained. More-
over, the value of the proper relative velocity for
one gate opening is very nearly the same for all,
making this turbine a very excellent one for variable
conditions
.
The table shows that within a range of 7.5 f
relative velocity there is no one gate opening that
varies as much as 1 $ from the maximum. 71 % is
seen to be best adapted to varying conditions and
hence this speed should be used for this turbine.
A relative velocity of 71 f at 16 ft. head
corresponds to a peripheal speed of 33.7 feet per
second or 334 R. P. M.
I
EUGENE DIETZQEN CO., CHICAGO.
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COMPARISONS
It will be of interest to compare the speeds deter-
mined upon by this thesis with some of those given in the
catalogs of the manufacturers. Thus for the Samson turbines
described above, the speeds decided upon for 16 ft. heads
were 105 R. P. II. for the 56" turbine and 154 R. P. M. for
the 45" turbine. For the same turbine and heads of water
the manufacturers give 116 R. P. M . for the 56" turbine
and 145 R. P. II. for the 45" turbine. This is a difference
of 11 R. P. M. in each case and wculd show that the manu-
facturers have either given more weight to full gate open-
ings or have used these speeds in competition with other
makers as making a better showing for the turbine.
A test made in the Hydraulic Laboratory of the Uni-
versity of Illinois gave as the speed for maximum effici-
ency of a 12" Leffel turbine under 16 ft. head a value of
480 R. P. M. Prom the curves here investigated of turbines
of the same make, a relative velocity of 80 $ was selected
and this corresponds to a speed of 490 P. P. I. under sim-
ilar conditions. This is a close check on the accuracy
of the value of relative velocity selected above. In gen-
eral it may be assumed that the ratings in makers' catalogs
will be a little high, and it is much more desirable to make
the selection of the proper speed from the actual test data
for the different gate openings.

16
CONCLUSION-
Classification of Turbines
Name Diameter1 M
I rxc HE5
Be ST
ReuATive
Velocity
R.R M.
UNDER
14 Ft. HkAD
( f?.H.)Sctm son 80.0 i os
fR.H.)5am5on 4-5 8ZS 1 34
[L.HJ5lrn|O.New Am. 44 15.0 i ZS
5 rn \ + h 42 8ox> 142
(l_.H.^M c Corm»cW 51 69.3 89
( R.H.") Special 54 61.5 32
(L.H.)M c Cor-rnicU 51 70.0 1 oo
C R.H^5 worn 36 10.0 142.
S^pec ial 33 10.O
(R.H-)New Am, 16 11.0 314
High 5 psfid
Low Si >ce<
In conclusion a classification of the turbines in re-
gard to their relative speeds will be helpful in drawing
conclusions as to what is the most advantageous speed for
water turbines.
Prom an inspection of the curves according to the a-
bove classification a number of important facts are evident.
First, the curves for high speed turbines show in each case
that the full gate test should not be used as the basis upon
which to select the most advantageous speed for the turbine.
This fact is plain since the full-gate curves are quite
separate from the other curves and cut across the latter
at sharp angles. The high speed curves indicate, moreover,
a narrow range in relative velocity within which a maximum
efficiency may be secured. These facts clearly indicate
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that high speed turbines serve better for stable conditions
of head and water supply than where the conditions vary.
The curves for the low speed turbines show in each
case that the operation may well include the full gate
opening and this opening should be considered in deciding
u^on the proper speed for each turbine. The low speed
curves are remarkably parallel and are comparatively flat,
giving wide ranges of relative velocity within which to se-
lect the best speed. These facts make the low speed tur-
bines excellently adapted to conditions which demand varia-
tions in head and gate openings, and the low speed would
seem to be superior to the high speed turbine under these
conditions.
Finally, it may be stated that the most advantageous
speed can only be determined upon when complete test data
is available from which a relative velocity may be chosen
which shall be best suited to all conditions to be imposed
upon the turbine.
The two diagrams appended have been prepared especially
for this thesis and are valuable in finding the revolutions
per minute, the diameter of turbine, a head of water when
any two of the variables are known. A straight line be-
tween any two known quantities will intersect the third
line at a point giving an exact relation between the three
quantities
.
For example a certain turbine, 45" diameter, is to
operate under 14 ft. head with a relative velocity of 75 %,
and it is desired to know the revolutions per minute at

18
f
Which to run the turbine. Selecting the diagram with a
relative velocity of 75'^ and laying a straight edge from
14 ft. on the right hand curve to 45" on the left hand
curve the value of 114 R.P.M. is found as the correct speed.
Again, the head of water may be known to be 16 ft.
and the turbine is to run at 150 R.P.M. with IQfjo relative
velocity. It is desired to find the proper size of turbine.
By the use of a straight edge upon the known quantities
the third line is intersected at a point reading 34" which
is the correct diamter of turbine to be used.
Should it be desirable to use any value of relative
velocity other than those given on the curves, the correct
answers may be obtained by the use of a direct ratio between
the relative velocity desired and that given by the curves.









